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A study of DSC using Ultrasonic and Thermal treatment on Photo-Electrode

Ji-tae Hong, Mi-jeong Kim, Ji-yong Sim, Hyun-woong Seo, Hee-je Kim
Laser & Sensor Application Lab in the Department of Electrical Engineering

Abstract - Recently, there were many researches for
efficiency improvement of DSC. Among of these works,
research of surface treatment is still a prerequisite for electron
diffusion, light-harvesting and surface state of DSC.[1] Using
of the surface treatment, it can be raise up porosity of TiOs
nano-crystalline structure on photo—electrode.[2],[3] There are
chemical, physical, electrical and optical methods which raise
up its porosity.

In this paper, we have designed and manufactured
MOPA-type ultrasonic circuit (100W, frequency and duty
variable). Manufactured ultrasonic circuit to use to force
cavity density and power into TiOs paste. Then, we have
optimized forcing time, frequency and duty of ultrasonic
irradiation for surface treatment of photo—electrode of DSC. In
I-V characteristic test of DSC, ultrasonic and thermal treated
DSC shows 19% improved its efficiency against monolithic
DSC. And it shows stability of light-harvesting from
drastically change of light irradiation test.

.M B

5758 H¥ A A (Dye sensitized solar cell, ©] % DSC)E Gratzel i

7 s oY= SiAl B FAA Y vus] 5 AdH 54 )
= f7 EH" A oltt, 719 SiAl BHFAA S vud wf 7]k

Az %ol Hakel g3t 4 A Az %7}7} 71E9)
amorphous SiZ| EH%“ 29} wlaste] 25%0latE Y 7t ¢ T
Azt FAo] st SiAl YAt A AFY 7H4 UMW+ s
3 ool 9t} w3 transparency, flexible, tFat MA 73
DSC AE9 4838 7t54& HoFrh Hd= 0131?31 DSC¢]
3E HRE 98748 Y HIAAY &S PN 9 g
So] AU 1F %L’L—L«] qH s =9 959 HF8
AAsta AR A A (detrap) S E017] g o7 WY E]
=
DSC+ SiAl EH%“JZ]Q} Y F9& Uy
T AAk st @dHol 9 gl
S 9% A7t oy ‘“Jqoi e Foltp[3]-[6]. ¢ A=A 7]
TCO : Trans- parency Conductive Oxide), %% = (Pho
¢ A= (Counter— electrode), 784 (Sensitizer), 713 H’S(Electrolyte)
o Az ML 2 A4 A5 AR, A% 34 HHs & A5t
<3 EH"““H F‘u‘-—’r° =ol7] §Id d4 adEo. o] F jﬂ’ﬂ"L«]

[e2

r
B &2 ox ol
Lot 44 22 rlo

1% 238 7] HEHALPZ— Aol v ?JZ} TEE °*°1°l: aful olef
g geds wo7] AF o 7k W Aol A Ho gt

‘“ (5 x 5)01] /‘1 19% =&

[e]
(Scanning electron microscope)< ©|&3le] Agd] 2 Ay F
WAAEH 9] crack@dol MAES & 5 AATH
2.2 B

Z= =
s =ol7] $18 A& 1‘/‘r 2 l‘: 0‘]/‘1 435} Z°JJr“
A4 &557938 25 2(BLT: Bolted Langevin type Transducers)
off WFHF(AFINZE HUlsk stzugA IR ndY &9)

AesAPozy 2535 AT

}_%”Jr 329 7S YetddTh kA
'EZLO 7]T1H F Ae By (MOPA Master ocillating power
amplifier)“o]'/%] © 2 PLL(Phase locked loop) w2322 €}z 3}
I, AdF gAeR FEen dXFg4E 38kHz, 100W &9
of 23 WAslot FZEAAR AL e WFFIS
A A 3= Power MOSFET g Als 9 7P AQP o2 HE &
= PWMWA 9] 7FH A F(07120V) At gholth

rJE
e

i
il

I 1. |
PLL Power switching LT .
(Phase locked ?| G i ? circuit E n E Matching BLT resonator
loop) circuit i fmnd]  (half bridge) " circuit

Vop 10~ 120V

Setting frequency

Feedback signal

140V i
Input filter(rectific [l \2rizble pover ‘
ation, smoothing) [V °1PPly e —

Wa
Setting current

<18 1> HRHY ARt HMF S II=EY St= 38kHz,
100w =30 322 7=
2.2 ME FXIo| M
2Y 20)& DSCY AT o3 442 3 43AH2
Uetdth BLTEA A 100WH 38kHzu 7 zxj_c;;% o) 7} )0

BLTZRAAE 2RIy, BLTEZAA7} $F53E 714 3§

B2 gudze Wt Ay wiEe WAF g =1 ol

PWMA o ¢} FHF3h4 7‘110‘] =Alo sty A=A skr] 9 el

Hot-Plate(MS300TSD) 2. & 22 22 3tk

BLT =3I
+Horn

__-Thermometer

HotPlate &
| Magnetic Stirr

< 2> 2ST ¥M2| AHIK 7N

UMK M=
4o HddAe AA A G F2E Ko
L AZ FAL d87F 2 " Tio, YA ®
} 7 =53 #Uﬁxﬂi*ﬁ Pt‘#‘l}% e R e =
seahng layerg o] &3t dAFS B H & A j-%seahng
layere] FAWEFY 117 Alolz A A& O‘T&D}. Foek A
Ao T flEE BYgS A HW 71EAQ] d45eH
FAA ] AAFAo] ArHTE o]7]o] sand-blaster 2 ZHH|
o] g3to] We] WAlE w2 A7}l scattering layer$t B
YH2 S 4S dadFedA oA wRAAIA 2
=3tk Ao AREE TiOyE=  solaronixAe]  Ti-
de HT ©°]¥ Doctor-Blade”| 2.2 50umF7AZ #Ho|2E
] skt TiO.e] =3H —roﬂ TiO; #lo]2~E°] HEF
e ejReA EEAd F& steke WY g a

5o
o X,

an

y

WO 2y o0 i I
(K o
(&

ol

o
rr

- 1291 -



TiO9] HEE 5o A IS 7}6}% © 2 TiO;
O)~EE At FEE WE7] st ML 75T o

7] Foll WA 5]—93\2134, ZuAEE Fe 25C 60kHze] =7
oA &stdet. FulE 4 AlEe 50C°ﬂ*‘] 30—v—7]' 2Alsle] 3
AN Bet A WzhEkd)h
(Ruthenium7], N719)ell &2 A2 A|2E 30TolA] 24417 A
Astel d8s FH AT G857 FFH @ TiO, GRS %
TES AAGY] st Foolvr = 147 H9F Al F e

scattering layer

TCO +Pt

2 reflection layer
Sealing layer

TCO glass electrolyte
TiO2 + Dye

<8l 3> & SAEd HIEES JHXlE DSCe| =

24 23 A%
E 1ol= 429 Tio.A & 2
drxel Ay ¥ EAS ‘ﬂ]—’aﬁ’\i% ]
74 (thermal)el| A= Pmax$} Efficiency= ¥ 2% a& &<
E{——% a3E A=A %5}03‘:} sk vk ﬁ“i%ﬁjr )
Pmax#t ¥ Efficiency”} ¥ 7]&9] A& W
T A vEgow O“ﬂﬂlg} =i} z1r1](ulta thermal) & &
o 3o &M Pmaxi Hir24%, Efficiencyd 7Z$ B 19%AH =
a8 42 Bt “:Zﬂ' Fill Factor7} dub Az 2o H|&

o 6% 4 B,

CE 1> 2 MHZAOIME| T HMet, B HE 53 @

treated time Pmax Efficiency Fill Factor
{miny (mw) (%) (%)
non non 0.814 3.66 o
10 0,934 3,73 69.4
Thermal 20 0.332 3.75 711

(75°C) 30 0,941 3.76 TLT
40 0.915 3.68 £3.7
10 1.01 41 63.8
Ultragonic o0 1.04 .18 0.6
(25%C)
30 1.04 315 7.3
40 1.03 4.02 .2
10 .11 3.07 72.3
ultra— 20 113 [N T4E
Therma
(75, aDkHz) 30 118 371 T34
40 1.14 4.51 731

I 4ol s 71E9] A WA (non), TiO, Hol2EQ HAEE
SEx= dAg W4 (thermal), %234 2] (Ultrasonic) et &3}
4 A gl (ultra-thermal) ¥ A2z ¥ ojxl DSCAle] AM15 FEo|
Ak =AM Fir -V S ‘/}E}‘ﬂ 740]"4’ IukA o 2
A ztE o} Ao H|sle] 2y Ao B9 I 7 30%H = Il
AEe & 5 Ak

00 02 04 06 08 10
Vahtege (V)

ZAUOHM ==sE Mo

VEY TN

a9 5ol Wb AgRelA A HAR TiO, #FHF(a)
ol A AF 3087 EAHEE @ TiOFAT (b)e] W
A e S SEM(Scanning electronic microscopy) -2 YEFH 7 o]
o} gt o g TiO,EWHo] Cracke] A71A FHH = Alol&Z A
sl o] Fste] Hxlte E%—% Wwalete AA el dojuA =
th. 29 5@)ollA H5o] At Ao Az & wvlE 450Ta
A RS AXA =HAE O]Eiﬁd Crack@’do] AstA doAvA =
o] AA Isc(short circuit current)”’} Zo]E 7 o] Fill factor7k
EA YEfYA et sk a9 5(h)ellA & 5 kel 75T

=

ES
e #ge AFe2M Cracke]l 43 &Fol=& As &

o},

4 loy
isz

()
<33 5> (a)&20IM HIEE TiOBXMZ

(b)&20fIM HMIZ £ 75CEA2]| BIS HE TiOZHF

SEMA}ZI

DSC El%AA e FHZe) ais Zol= i
e ES wol AMgE, YxAtsE s FHae
° 2 colloid paste?} L9 2A47AS oz 3}71] %‘:} o]
% colloid paste?] Z¥¥ 34 T A7]e
2 HAHoRE A7 UxAA9 crackddoRE 0431 Uﬂ
%E‘r 53 FAd5 B9 cracke] T FEY YedA AgE
FA FARAE FEelA ZHH?Q_EJ Azt Xﬁﬁfél’(detrap)ol A
2 F ootk B =RdAe o FAE 2eve dAYE O]%O}
A4 o, 7129 AZ $AF wwake] 15AM(10mW/em)Z

ZAAA B HqE 28 2A 4 19%9] a8 NS 2o

m&zsg-»
Uﬁo_)‘:_“."_,—qo
<, po
Lo [l o N
o rfo 1> 2 to

Ao
4]

[3 3

] B. O'Regan, M. Gratzel, Nature, 353, 737, 1991

] Nam Kyu Park, Chemical world, 07, 74-83, 2006

] Mi Yeon Song et al. Syntheic Metal, 155, 635-638, 2005

] Xjaoming Fang, Journal of Electroanalytical Chemistry,
olume 570, Issue 2, 1, 257-263, 2004

[6] G. K. Kiema, Solar Energy Materials and Solar Cells,
Volume &85, Issue 3, 31, 321-331, 2005

[6] W. Guigiang, Electrochemica Acta, 50, 5546-5552, 2005

[71 D.H. Kim, HW. Ryu, Journal of Power Sources 163, 196 -
200, 2006

[8] A. Hagfeldt, Chem. Rev., 248, 1501 - 1509, 2004

[9] P. Laurenc, Journal of Electroanalytical Chemistry, 559,
233-240, 2007

[10] Man Gu Kang et al. Solar Energy Materials and Solar
Cells, vol. 90, Issue 5, 574-581, 2006

- 1292 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


